S2

AFM measurements
Figure S1. Surface topography measured by AFM on LSM/STO (a) and LSM/LAO (b) samples and in both cases thicker layers show a rougher surface. Even the thinnest layers (10 nm) show an island like thin films growth topography which indicates due to the limited surface diffusion.
Figure S2. TEM images of LSM thin films formed on LAO (a and b). The lattice parameter c perpendicular to the LSM/LAO interface was estimated from high resolution (HR) TEM image. The distribution of atomic planes was estimated in coloured parts of the HRTEM image. c) The distributions of atomic plane in the colored regions are shown and indicate that the lattice parameter c in LSM/LAO is slightly decreasing towards the interface. d) and e) TEM images of LSM thin films formed on STO substrates indicating epitaxial growth.
Figure S3. TEM high resolution (HRTEM), bright (BF) and dark (DF) field images of LSM layers on LAO substrate: a) 10 nm (HRTEM); b) 87 nm (DF TEM); c) 87 nm (HRTEM); d) 40 nm (BF TEM); e) 40 nm (HRTEM); f) 126 nm (BF TEM).
Due to the observed vertical fringes in TEM images on LSM/LAO samples, the high resolution TEM image ( Figure S4a ) was analyzed by geometric phase analysis (GPA) [1] [2] . In this method a Gaussian mask was centered separately on two strong reflections in the Fourier transform (FT) ( Figure S4b ) of the HRTEM image and inverse FTs were performed. The phase component of the inverse FT of the red marked Bragg spot suggests some irregularities of the lattice fringes as shown in Figure S4c . The strain mapping in x direction ( ) of the HRTEM image exhibits no specific details on expansion or compression ( Figure S4d ). In contrast, the strain ( Figure S4e ) presents the same perpendicular feature as in the HRTEM image and on the left side of this feature there are some structural irregularities starting from it. On the other hand, it also confirms that the structure is the same on both sides of the observed vertical fringe. 
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Fitting of isotope exchange depth profiles in LSM/STO
The detailed analysis of LSM/STO films revealed that also there are some deviations from a profile with only one diffusion process as shown in Figure S5a and b. The depth profiles of thin LSM layers can be approximated by an error function ( Figure S5a ) while the isotope exchange profiles in thicker layers also contain a second diffusion mechanism ( Figure S5b) . However, the effects are much less pronounced than for LSM on LAO. Similar results were also obtained in epitaxial LSM on STO substrates in a previous publication 3 .
Figure S5. Experimental isotope exchange depth profiles in 10 nm (a) and 140 nm (b) LSM/STO samples fitted by an error function.
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Temperature effect
Tracer profiles were measured for 40 nm LSM on LAO and STO substrates in a temperature range from 400 °C to 800 °C. All profiles with fitted bulk part are shown in Figure 
S8
Analysis of isotope exchange depth profiles in LSM/LAO
